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(57) ABSTRACT 

A concurrent write duplexing device with extension of 
memory bus according to the present invention includes: a 
primary memory having a first memory in which changed 
information is stored and a first memory controller for 
controlling the first memory; a secondary memory having a 
second memory in which the operating system is loaded to 
change an operation mode from the standby module to the 
active module upon failure of duplexing separation and a 
second memory controller for controlling the second 
memory; a bus transceiver part for exchanging data with a 
CPU through a system bus and having a bus transceiver in 
the first memory controller and a bus transceiver in the 
second memory controller, to thereby determine as to 
whether the first and second memory controller operate; and 
a memory switch part for exchanging data between the 
active module and the standby module and having memory 
switches which set direction of memory bus in accordance 
with an operation mode of module, so that write operation 
performed in the memory controller of the active module 
will be executed in the standby module with the same 
contents and a memory switch controller for controlling the 
memory switches. 

6 Claims, 12 Drawing Sheets 
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FIG. 4A 
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FIG. 4D 
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FIG. 8 
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CONCURRENT WRITE DUPLEX DEVICE 
BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to a concurrent write 5 
duplexing device with extension of memory bus in a tightly 
coupled fault tolerance system, and more particularly, to a 
concurrent write duplexing device with extension of 
memory bus, to maintain memory data consistency within a 
duplexing operating processor module in a failure sensing 10 
control system. 

2. Discussion of Related Art 

Generally, all of systems which are manufactured by the 
adaptation of human being's technology always contain the 15 
possibility that various kinds of troubles caused due to their 
designer's mistake, failure of components and the like may 
occur. If, however, such the troubles occur in the system 
used for a specific purpose which should prevent the 
troubles, such as medical equipments, flight control systems, 20 
satellites, weapon systems, switching systems, a normal 
operation is impossible, which results in a serious problem. 
A fault tolerance system means a non-stop system in a 
system level which is constructed to operate in a designed 
order regardless of generation of hardware failure or soft- 2 $ 
ware error. In the case where any trouble in the fault 
tolerance system occurs, the fault tolerance system funda- 
mentally includes a redundancy module which can back up 
a system function and varies its own embodied method in 
accordance with the number and type of additional redun- 30 
dancy modules. 

In case of encountering any fault in a switching system, 
the fault can be repaired at a proper time by an operator. 
Therefore, the switching system does not need a large 
amount of hardware redundancy which is required in the 35 
medical equipments, flight control systems, satellites, and 
weapon systems. Typically, the switching system is com- 
prised of a module which executes a system function and a 
standby module which backs up the system function, which 
is embodied in a duplexing manner. The switching system 40 
which operates under high reliability and availability, sup- 
ports a fault tolerancy function for some important parts in 
the duplexing manner. A control part as one of important 
parts in the switching system operates an active module for 
one portion and a standby module for the other portion by 45 
using the same processor module. In a preferred embodi- 
ment of the present invention, the data consistency of 
memory are keeped to be same in the active module and the 
standby module, and if the fault is produced in the active 
module, the standby module receives only state information 50 
of the active module and changes its own state to be the state 
of the active module, so that the system can be operated in 
a non-stop manner in a system level. It is of course important 
that the data consistancy between the two modules should be 
maintained to be same as each other. To this end, therefore, 55 
a concurrent write method is embodied in the preferred 
embodiment of the present invention. With the concurrent 
write method which is applied in the fault tolerance system, 
a memory write operation in the active module which is 
implemented in the standby module to constantly maintain $0 
the same memory contents, and then if any fault occurs in 
the active module, the standby module executes the system 
function in the defective active module and continuously 
proceeds the function in the system level regardless of the 
fault in the active module. 65 

Examples of the conventional duplexing devices in which 
the concurrent write method is embodied are a duplexing 
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data channel matching device using a tightly coupled data 
transmission method and a duplexing data channel matching 
device using decoupled data transmission method. Since 
these devices are achieved by extension of a system bus and 
alteration of most hardware according to change of a central 
processing unit (CPU), i.e., the system bus, they exhibit low 
compatibility and should have a long period of time in 
driving the hardware development. With the improvement of 
the performance of the CPU, the conventional device is not 
useful due to clock increment of the system bus and does not 
ensure a reliable application in hundreds of MHz of a 
currently commercial high performance microprocessor. In 
addition, since the duplexing data channel matching device 
using the coupled data transmission method should receive 
answer signals from the two modules to proceed the next 
operation, the device exhibits serious performance deterio- 
ration. Meanwhile, although the duplexing data channel 
matching device using the decoupled data transmission 
method separates a memory write operation and a concur- 
rent write operation in the active module by using a first-in 
first-out (FIFO) to thereby solve the performance deteriora- 
tion in the duplexing data channel matching device using the 
coupled data transmission method, the device overcomes the 
troubles generated in a complicated manner and also exhib- 
its a high fault generation probability. 

FIG. 1 is a block diagram illustrating a data transmission 
channel where a coupled data transmission system which 
does not separate a memory write operation and a concurrent 
write operation in an active module is employed, in a 
duplexing device in which a conventional concurrent write 
method is embodied. 

As shown in the figure an active module 10a and a 
standby module 106 respectively include a central process- 
ing unit (CPU) 11, a main memory 12, a data transmission 
channel 13 and an input/output (I/O) matching device 14. 

The solid line as shown in FIG. 1 indicates the memory 
write operation in the active module 10a which is executed 
to the main memory 12 by the CPU 11 or the I/O matching 
device 14, and the dotted line indicates an answer signal 
process to inform the CPU 11 or the I/O matching device 14 
that specific data is stored to each main memory 12 of the 
active module 10a and the standby module 106. In this case, 
for the duplexing operation, the main memory write opera- 
tion in the active module 10a is extended to a local bus in 
the standby module 106 through the data transmission 
channel 13 to be thereby transmitted to the main memory 12 
in the standby module 106, such that the data in the main 
memory 12 within the active module 10a and the standby 
module 106 are constantly maintained to be same as each 
other. In the data transmission channel where the coupled 
data transmission method is employed, however, there 
occurs a problem that since an answer signal to write 
operation completion should be received from the main 
memory 12 of the standby module 106 to complete the write 
operation to a specific region of the corresponding main 
memory 12, no following operation can be executed before 
the answer signal is received from the standby module 106. 

Accordingly, the overhead caused due to the waiting time 
for the answer signal from the standby module forcibly 
renders system performance in the duplexing device in 
which the conventional coupled transmission system is 
employed to be deteriorated, such that the data transmission 
channel using the conventional coupled transmission system 
can not be well employed in the system having a high 
performance processor. 

FIGS. 2 A and 2B are block diagrams illustrating a data 
transmission channel in which a conventional decoupled 
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data transmission system which is designed to minimize 
performance deterioration caused in FIG. 1 is employed, 
where a main memory write operation within an active 
module and a concurrent write as a main memory write 
operation within a standby module through a data transmis- 
sion channel are independently separated and operated. 

As shown in the figure, an active module 20a and a 
standby module 20fc respectively include a centratpxQcess- 
ing unit (CPU) 21, a main memory 22^ in input/outpujt^I/O) 
bus matching device 23, an SCSI Ethernet, miscellaneous 
I/O matching device 24, and a high speed data transmission 
channel 25. Further, a buffer for separating the operation in 
the two modules is disposed in the interior of each of the 
modules. However, in the conventional decoupled data 
transmission system, there occurs a problem that various 
troubles may be produced in accordance with the compli- 
cation of hardware and increment of electronic parts caused 
due to the operation separation of the two modules. In 
addition, since the operation where the fault occurs has been 
already completed by the CPU 21, it is difficult to find and 
recovery the part in which the fault has occurred. Also, in the 
case where the trouble occurs during duplexing separation of 
system, it is impossible to overcome the fault. Meanwhile, 
it is understood that the decoupled data transmission system 
where a corresponding operation in the memory write opera- 
tion of the CPU is monitored and the monitored data is 
stored in the buffer is not desirable because the time for 
sensing the corresponding operation is shortened due to the 
high speed system bus. Specifically, the system can not be 
embodied in a high performance microprocessor having a 
high speed system bus. 

Current commercial high performance microprocessor 
provides several hundreds MIPS (Million Instruction Per 
Second) performance, based upon hundreds of MHz of 
clocks, and uses upper 100 MHz of system bus clock to 
solve system bottle-neck which is generated in the system 
bus, which will be increased. However, since the embodi- 
ment of the conventional duplexing fault tolerance system 
using the concurrent write is achieved by extending the 
system bus, there still remains a problem that if the system 
bus clock is increased, the system can not be embodied 
appropriately. Also, since the alteration of hardware associ- 
ated with the duplexing device is accompanied in accor- 
dance with upgrade and change of the CPU, it requires a 
long period of time to develop new hardware and software. 

SUMMARY OF THE INVENTION 

Accordingly, the present invention is directed to a con- 
current write duplexing device with extension of memory 
bus in a tightly coupled fault tolerance system that substan- 
tially obviates one or more of the problems due to limitations 
and disadvantages of the related art. 

An object of the invention is to provide a concurrent write 
duplexing device with extension of memory bus in a tightly 
coupled fault tolerance system which can extend the 
memory bus between a memory controller and a memory 
which has a feature of a lower speed less than a system bus 
and is regardless of the change of CPU and connects the 
extended bus to a duplexing data channel. 

Preferably, the duplexing device of the present invention 
in which the memory bus is extended is achieved by a 
minimum hardware and should meet basic requirements as 
follows: 

1) a memory switch for connecting data channel which 
maintains data consistency of active/standby processor 
modules to be same as each other, 
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2) a memory switch control function for setting a memory 
switch direction by performing memory read, write, 
and concurrent write, 

3) a function for setting active/standby operation modes 
5 and determining a channel hang-up mode, and 

4) a minimum hardware occupation for minimizing fault 
occurrence probability caused due to increment of 
hardware components. 

It is to be understood that both the foregoing general 
10 description and the following detailed description are exem- 
plary and explanatory and are intended to provide further 
explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE ATTACHED 
15 DRAWINGS 

The accompanying drawings, which are included to pro- 
vide a further understanding of the invention and are incor- 
porated in and constitute a part of this specification, illustrate 
20 embodiments of the invention and together with the descrip- 
tion serve to explain the principles of the drawings. 

In the drawings: 

FIG. 1 is a block diagram illustrating a data transmission 
channel in which a conventional coupled data transmission 
25 in switching system is employed; 

FIGS. 2 A and 2B are block diagrams illustrating a data 
transmission channel in which a conventional decoupled 
data transmission in switching system is employed. 
3Q FIG. 3 is a block diagram illustrating duplexing construc- 
tion in a processor module using a concurrent write duplex- 
ing device achieved by extending a memory bus according 
to one embodiment of the present invention; 
FIGS. 4A to 4E are operational diagrams illustrating 
35 mode states of the memory switch in the concurrent write 
duplexing device achieved by extending the memory bus 
according to the present invention; 

FIG. 5 is a block diagram illustrating circuit construction 
of the memory switch part in the concurrent write duplexing 
40 device achieved by extending a memory bus according to 
the present invention; 

FIG. 6 is a block diagram illustrating an internal con- 
struction of the memory switch controller in the concurrent 
write duplexing device achieved by extending a memory bus 
45 according to the present invention; 

FIG. 7 is a truth table of a memory switch control signal 
generating part in a memory switch address signal generat- 
ing circuit according to each operation in the concurrent 
write duplexing device achieved by extending a memory bus 
50 according to the present invention; 

FIG. 8 is a mapping diagram illustrating the memory in 
the concurrent write duplexing device achieved by extend- 
ing a memory bus according to the present invention; and 
55 FIGS. 9 A and 9B are block diagrams illustrating a duplex- 
ing construction in a processor module using a concurrent 
write duplexing device achieved by extending a memory bus 
according to another embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
60 EMBODIMENTS 

Reference will now be made in detail to the preferred 
embodiments of the present invention, examples of which 
are illustrated in the accompanying drawings. 
65 A concurrent write duplexing device of the present inven- 
tion utilizes a standard memory bus in a concurrent write 
method. The duplexing device of the present invention 
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reduces a hardware developing period by minimizing alter- 
ation of the hardware and can be preferably embodied 
regardless of type of CPU and a high speed system bus, 
because the speed of memory bus depends upon access time 
of DRAM. In addition, the duplexing device of the present 5 
invention can be embodied under simple hardware construc- 
tion in which data path controlled by using a memory switch 
and a register for controlling the data path softwarily are 
arranged. 

An explanation of the duplexing device according to an 10 
embodiment of the present invention will be in detail 
discussed. 

FIG. 3 shows duplexing construction in a processor 
module using a concurrent write duplexing device achieved 
by extending a memory bus according to one embodiment of 15 
the present invention. The speed of memory bus depends 
upon the access time of DRAM regardless of the clock of 
system bus, and since the access time of DRAM is a 
minimum 60 ns, which corresponds to about 16.7 MHz or 
more, hardware construction is made in a simple manner. 2 o 
Furthermore, since the write operation which is performed 
in a memory controller within an active module is executed 
in a standby module with the same data content through the 
memory switch, the duplexing device of the present inven- 
tion can sense a fault generated and retries the operation 2 5 
where the fault has been generated to thereby recover the 
fault. 

The conventional concurrent write duplexing devices are 
achieved by extending the system bus, and contrarily, the 
concurrent write duplexing device of the present invention is 30 
accomplished by extending the memory bus (hereinafter, 
simply referred to as "concurrent write duplexing device 
with extension of memory bus). The clock of system bus is 
relatively raised, because a large number of masters use the 
system bus, and accordingly protocol is complicated. 35 
However, the memory bus is at a lower speed than system 
bus and in an asynchronous system, because only the 
memory controller reads and writes data on the memory, and 
accordingly the protocol is simple. As shown in the Figure, 
operating system (OS) and application programs are loaded 40 
to maintain the data consistency between the active module 
and the standby module. In construction, the concurrent 
write duplexing device of the present invention includes: a 
primary memory 100 having a first memory 110 in which 
changed information is stored and a first memory controller 45 
120 for controlling the first memory 110; a secondary 
memory 200 having a second memory 210 in which the 
operating system is loaded to change an operation mode 
from the standby module to the active module upon failure 
of duplexing separation and a second memory controller 220 ^50 
for controlling the second memory 210; a bus transceiver 
part 300 for exchanging data with a CPU through a system 
bus and having a bus transceiver 310 which is connected to - 
the first memory controller 120 and bus transceiver 320 to 
the second memory controller 220, to thereby determine as 55 
to whether the first and second memory controller 120 and t 
220 operate; and a memory switch part 400 for exchanging 
data between the active module and the standby module and 
having memory switches 410 to 430 which set direction of 
memory bus in accordance with an operation mode of 60 
module, so that write operation performed in the memory 
controller of the active module will be executed in the 
standby module with the same contents and a memory 
switch controller 440 for controlling the memory switches 
410 to 430. 65 

In the concurrent write duplexing device with extension 
of memory bus according to the present invention, the 
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memory bus between the active and standby modules is 
connected through the memory switch part 400, and the 
memory is divided into the first and second memories 110 
and 210. The memory switch part 400 serves to set the 
direction of the memory bus in accordance with an operation 
mode of the two modules, and the first memory 110 is a 
general memory, in which the operating system and apjglr- 
eation -program are loaded and changed data contents are 
stored. TTie second memory 210 is a memory for providing 
the service to an input/output part of the standby module 
during the duplexing operation, in which only the operating 
system is loaded. If the duplexing operation fails, the 
module for changing the operation mode from the standby 
module to the active module continually provides the service 
by using the operating system of the second memory 210. At 
the time, a momentary stop of the service may be generated. 
This time is less than 30ms. 

In the case where the duplexing device with the extension 
of memory bus includes one memory (if the secondary 
memory 200 does not exist), if the CPU of the active module 
and the CPU of the standby module approach to the memory 
at the same time, a memory bus arbitrator for determining a 
priority of the approach to the memory should be addition- 
ally included. However, the installation of the memory bus 
arbitrator is difficult due to refresh cycle of memory, 
memory bus arbitration and the like. 

To solve this problem, the duplexing device with the 
extension of memory bus according to one embodiment of 
the present invention is comprised of the first memory 110 
for maintaining data consistency between the active and 
standby modules and the second memory 210 for providing 
I/O service to the standby module. Also, the bus transceivers 
310 and 320 serve to determine whether or not the first 
memory controller 120 and the second memory controller 
220 operate in accordance with the operation mode of the 
modules. If the duplexing operation is not executed, the 
refresh cycle of DRAM is performed in the first and second 
memory controllers 120 and 220 of each module. However, 
if the operation mode is changed to the duplexing operation, 
the memory controller of the active module has a function of 
refreshing its own memory and simultaneously refreshing 
the memory of the standby module. In case of duplexing 
separation caused due to occurrence of trouble, the register 
within the CPU and cache contents are stored in the first 
memory of the active module and are simultaneously trans- 
mitted to the first memory of the standby module through the 
data channel. Then, the refresh cycle is executed through the 
whole area of memory. The standby module succeeds to the 
system function first performs the refresh operation through 
the whole area of its own memory before it is changed to the 
active operation mode, to thereby complete the duplexing 
separation. The refresh cycle is adjustable through an inter- 
nal register of common memory controller. 

FIGS. 4A to 4E are operational diagrams illustrating 
mode operation states of the memory switch in the concur- 
rent write duplexing device achieved by extending the 
memory bus according to the present invention. 

Each rectangle represents a memory switch, and the line 
within the rectangle indicates data path within the switch, in 
which the solid line denotes the data path which is currently 
operated and the dotted line denotes the data path which is 
not currently operated. In the figure, the memory switch in 
the left portion is within the active module, during the 
duplexing operation mode. FIG. 4A shows a general opera- 
tion state of the two memory switches. The operation state 
of the memory switch is divided into four mode states as 
follows: 
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FIG. 4B shows an initial mode of the memory switches. with read and/or write operation executed in the memory 

In this case, the memory switches operate individually, not controller, if the active module memory switch is in an 

being in a duplexing operation mode, to which an initial enable state. If the read operation is executed, the direction 

power supply is applied. The memory switches connect data of the active module memory switch is set to transmit the 

channel to read and write the data in their own memories. 5 data from the memory controller to the first memory, and 

FIG. 4C shows the duplexing operation mode (left rect- ^ contrarily, if the write operation is executed, the direction 

angle indicates the memory switch in the active module) and mereof is set t0 receive lhe data from memory controller 

concurrent write. The mode is used for maintaining the data t0 me first memory. The control signal "Enable_B" is the 

consistency between the two modules to be same as each enab,e si S nal of the concurrent write memory switch and the 

other. In case of performing write operation to the memory 10 control signal "Dir_B" is the signal for controlling the 

of active module, a path establishing operation is executed direction of the concurrent write memory switch. In more 
to send the write operation to the first memory of the standby r - detail > the si S aal "Enable_B" is produced to connect the 

module data cnanne ^ between the active and standby modules to 

t^i^ at^ u .u a, i * ~ . « ft _ t maintain the data consistency therebetween through the 

FIG. 4D shows the duplexing operation mode (left rect- . , , ™ . - 

angle indicates the memory switch in the active module) and » concurrent write, and the signal Dir_B is the director, set 

memory read of the standby module. The mode is used for l*™ 1 ° f , 0,6 ™= m ory switch. The signals Enable_C and 

checking whether the data contents sent to the standby Dlr - C ^generated to contr ol the memory bus switch for 

module is the same as the active module, by concurrent connecting the first memory and he active module memory 

• t mi , « t , u c %tU . / Um switch. In more detail, the control signar Enable_C is the 

write. The operation detects the fault which has been not , _ , * « • . rr - 

■, t j t . . r i* * _j . j 20 enable signal ol the first memory bus switch, and in case ol 

detected through a fault transaction code such as parity and zu , . . . * , . . „ ' 

1^0^ sr* f* * ' a \ the initial mode or active mode, it allows the memory 

ECC (Error Correcting Code). ' 3 

„ , , , , . controller 120 to access the first memory 110. The control 

FIG. 4E shows the memory read state in the active mode %{ { « Dif _ c „ fa ^ gi { fof ^ ^ of the 

and non-duplexmg operation separation mode. The opera- fifst m bus switch tQ thereb fead and wdte (he daU 

boo state is used to read the memory contents of the active i$ Qn the first m£m M{ of the signals are ted 

module during the duplexing operation and can be actually from ^ m switch controller 440 ^ shown in FIG 6 
operated regardless of the duplexing operation mode. ^ tf . g a ^ mustrating an mternal ^ 

FIG. 5 is a block diagram illustrating circuit construction slmclion of tfae memory switch ^HoWer 440 in the con- 

of the memory switch part 400 in the concurrent write CUfrenl write duplexmg device accor ding to the present 

duplexing device achieved by extending memory bus 3Q invention Xo prevent the memory switch C ontroUer 440 

according to the present invention. ffom being changed> even tf the CPU fc chang ed, the 

r The memory switch part 400 comprises the active module controller 440 interfaces with PCI bus as a standard bus. The 

memory switch 410,. the concurrent write memory switch -v memory sw i tc h controller 440 is divided into an operation 

420, the first memory bus switch 430, and the memory mode determining part 441 and a memory switch control 

switch controller 440. Adetailed explanation of construction 35 signal generating part 442. The operation mode determining^ 

of the memory switches 410 to 430 will be given with part determines the operation of processor module and 

reference to FIG. 5. The structure of memory switch con- upon application 0 f initial power to read the memory content 

trailer 440 will be shown in FIG. 6. 0 f the sta ndby module, produces control signals "active / 

The memory switch part is used for setting data path , mo de" and "standby mode" to determine the operation mode 

between the two modules and is easily embodied by using 40 of the processor module and a control signal "standby, 

three bidirectional bus transceivers(or by using multiplexer module read" to check as to whether data associated with the 

(MUX)). In case of the active module, the memory switch concurrent write as normally sent to the memory of the 

part includes the active module memory switch 410 for standby module. These signals are generated by setting or 

separating the memory controller 120 and the first memory clearing corresponding bits of an internal register within the 

110, the concurrent write memory switch 420 for performing 45 operation mode determining part 441 through the CPU. 

concurrent write from the active module to the standby since the memory switch is set at an initial state to be 

module through the data channel, and the first memory bus operated in a memory write direction, it should be changed 

switch 430 for performing the memory operation to the first to the memory read direction to thereby perform the memory 

memory 110, regardless of the active module and the read operation. A signal "memory read" is received from the 

standby module., _ 50 memory controller to execute the memory read. The 

The operation mode is determined by the memory switch / memory switch control signal generating part 442 serves to 

controller 440, and control signals "Enable_A", "Dir_A", ; generate control signals which control the direction of the 

"Enable_B", "Dir__B", "Enable__C", and "Dir_C" for con T memory switch in accordance with the control signals 

trolling the active module memory switch 410, the concur- "active mode", "standby mode", "standby module read" 

rent write memory switch 420, and the first memory bus 55 received from the operation mode determining part 441 and 

switch 430 are received from the memory switch controller / the control signal "memory read" received from said 

440 to thereby set transmission direction of the memory bus memory controller 110. The control signal "Enable_A" is 
and data channel. > "an active module memory switch enable signal, "Enable_ 

The active module memory switch enable signal B" is a concurrent write memory switch enable signal, and 

"Enable_A" is generated to enable the active module 60 "Enable_C" is a first memory bus switch enable signal. The 

memory switch, in case where the operation mode of ' data path is determined in accordance with active/inactive 

memory switch is the active mode or an initial operation 7 state of the control signals generated from the memory 

mode. The signal "fenable_A" is inactive and disconnects switch control signal generating part 442. Meanwhile, the 

the memory bus between the memory controller and the first control signal "Dir_A" is an active module memory switch 

memory, if the operation mode is the standby mode. The j 65 direction determining signal, "Dir_B" is a concurrent write 

direction control signal "Dir_A" is produced to change the memory switch direction determining signal, and "Dir_C" 

direction of the active module memory switch in accordance is a first memory bus switch direction determining signal. If 
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the signal level is in the logic "H (high)" state, the memory being under dual down state. The memory area 2 will be 

write operation direction is determined and to the contrary, occupied for-iextensiomofttlfe memb^^mch^may^be caused 

if in the logic "L (low)" state, the memory read operation due to the variation of size of further application program, 

direction is determined. FIGS. 9A and 9B are block diagrams illustrating a duplex- 

FIG. 7 is a truth table of a memory switch control signal 5 ing construction in a processor module using a concurrent 

. • , , , write duplexing device achieved by extending a memory bus 

generaung par. ma memory swj.cd aaaress s.gnai genera,- ^ a = o(her embodimen , of , he ~ , 

invention. 

,ng circuit accorduig to each operation m the concurrent ^ memory switch controller 

write duplexing device achieved by extending a memory bus . . . . & . ' . J . . A ~ At 

F . f, . ™ & 440 is separately disposed from the memory switches 410 to 

i ^ i ^ . * . • -it i ■ » • tn 430 and can be exchanged individually. Also, the memory 

comrol s.gnai generating part is easily embodied by using a » swjtch ^ bus ^ a 

decoder or 4x6 MUX on the basis of the truth table. . . . , , . ^ Dll . . , , . 

. bus via a bus bridge, and if the CPU is changed, can be used 

As shown in FIG. 7, referring to each bit value of the withoul being exchanged with new one . 

active mode, standby mode, standby module read and M dcafl apparent from tfae foregoing) unil led 

memory read in the truth table according to a preferred duplexing construction in a high performance processor 

embodiment of the memory switch address signal generating module device caQ be applica51e in fault France systems 

circuit, five cases are given as follows: such ^ fof examplej swiping systems, communication 

1) in case where the bit value of only the active mode is control systems based upon high reliability and availability 
"T and the bit values of the rest of mode operations are 0 f very D ig n speec j communication network, server fault 
"0", the active module memory switch 410, the con- ^ tolerance computer systems and the like. In addition, in a 
current write memory switch 420, and the first memory conventional processor module having hundreds of MHz of 
bus switch 430 are all in the enable state, and the a high performance microprocessor and a system bus using 
memory write signal is generated to perform the con- a high frequency bus clock, a few hardware parts such as 
current write in the active mode; memory switches and a memory switch controller are 

2) in case where the bit values of only the active mode and 2$ required to construct the duplexing device according to the 
the standby module read are "1" and the bit values of present invention. Furthermore, since alteration of hardware 
the rest of mode operations are "0", the active module due to change of the processor is not a little required, 
memory switch 410 and the concurrent write memory development of a duplexing device can be achieved for a 
switch 420 are in the enable state, and the standby short period. 

module memory read is executed in the active mode; 3Q It will be apparent to those skilled in the art that various 

3) in case where the bit values of only the active mode and modifications and variations can be made in a concurrent 
the memory read are "1" and the bit values of the rest write duplexing device with extension of memory bus in a 
of mode operations are "0", the active module memory tightly coupled fault tolerance system of the present inven- 
switch 410 and the first memory bus switch 430 are in tion without departing from the spirit or scope of the 
the enable state, and the memory read is executed in the 35 invention. Thus, it is intended that the present invention 
active mode; ' cover the modifications and variations of this invention 

4) in case where the bit values of only the active mode and provided they come within the scope of the appended claims 
the standby mode are "1" and the bit values of the rest and their equivalents. 

of mode operations are "0", the active module memory What is claimed is: 

switch 410 and the first memory bus switch 430 are in 4 o 1A concurrent write duplexing device with extension of 

the enable state, and the memory write signal is gen- memory bus in a tightly coupled fault tolerance system 

erated to perform the memory write in the non- which has active and standby modules for performing real 

duplexing mode* and ume °f service supply and, if any fault in the active module 

5) in case where the bit value of only the standby mode occurs ' chan S es the standb y moduIe to be in an active 
is "0" and the bit values of the rest of mode operations 45 operation mode to continually perform a control function 
are "1", the active module memory switch 410 and the ^eof, by maintaining memory contents between the active 
first memory bus switch 430 are in the enable state, and module and standb y module to be same as each olher > 
the memory read is executed in the non-duplexing wherein each of said active module and said standby module 
moc j e has said duplexing device, said device comprising: 

FIG. 8 is a mapping diagram illustrating the memory in 50 a primary memory having a first memory in which 
the concurrent write duplexing device achieved by extend- operating system and application program are loaded to 
ing a memory bus according to the present invention. The maintain data consistency between the active module 
memory map is divided into a primary memory area 1, and the standby module and changed information is 
memory area 2 for extending the memory, and a secondary stored and having a first memory controller for con- 
memory area 3. The primary memory area 1 is occupied to 55 trolling said first memory; 

maintain data consistency to perform a duplexing function. a secondary memory having a second memory in which 

The secondary memory area 3 is occupied to implement the the operating system is loaded to execute an input/ 

operation related to I/O device generated from the standby output of the standby module during an duplexing 

module and receives a copy of OS from the active module operation and to change an operation mode of the 

before the duplexing operation mode to kept the received 60 standby module to the active module upon failure of 

copy in the second memory. If the duplexing separation is J N duplexing separation and having a second memory 

not normally formed due to generation of ^in : unexpected ' controller for controlling said second memory; 

trouble, the memory contents in the primary memory area 1 a bus transceiver part for exchanging data with a CPU 

are discarded and the OS stored in the secondary memory through a system bus and bus transceivers each 

area-3, isicppied?in . the primary-«memory area 1, so that the. 65 installed in said first memory controller and said second 

system retries^r^oj^ra^ has occurred memory controller to determine as to whether said first 

at the OS level to thereby prevent the two modules from and second memory controller operate; and 
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a memory switch part for exchanging daia between the 
active module and the standby module and having 
memory switches which set direction of memory bus in 
accordance with an operation mode of module, so that 
write operation performed in said memory controller of 5 
the active module will be executed in the standby 
module with the same contents and a memory switch 
controller for controlling said memory switches. 

2. The device as defined in claim 1, wherein said primary 
memory and said secondary memory each have a memory 10 
map in which primary memory area, secondary memory area 
and memory area for extending memory are occupied, said 
primary memory area maintaining data consistency to per- 
form the duplexing operation, said secondary memory area 
implementing the operation related to an I/O device gener- 15 
ated from the standby module, receiving a copy of OS from 
the active module before the duplexing operation mode to 
kept the received copy therein, discarding the memory 
contents in said primary memory area if the duplexing 
separation is not normally formed, and copying the stored 20 
OS on said primary memory area to thereby retry the system, 
and said memory area prepared for extension of the memory 
which may be caused due to the variation of size of further 
application program. 

3. The device as defined in claim 1, wherein said memory 25 
switch part is comprised of: 

the active module memory switch for separating said 
memory controller and said first memory, in case of an 
active module; 

the concurrent write memory switch for performing con- 30 

current write from the active module to the standby 

module through data channel; 
the first memory bus switch for performing a memory 

operation to said first memory, regardless of the active 35 

module and the standby module; and 
the memory switch for controlling said memory switches. 

4. The device as defined in claim 3, wherein said memory 
switch controller comprises: 

an operation mode determining part for determining the 40 
operation of processor module by producing control 
signals "active mode", "standby mode" and "standby 
module read" to check as to whether data associated 
with the concurrent write is normally sent to the 
memory of the standby module, by receiving data from 45 
the CPU through said bus transceiver part and upon 
application of initial power, for determining the opera- 
tion mode of the processor module to read the memory 
content of the standby module; and 
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a memory switch control signal generating part for gen- 
erating control signals which control the direction of 
the memory switch in accordance with the control 
signals "active mode", "standby mode", "standby mod- 
ule read" received from said operation mode determin- 
ing part and the control signal "memory read" received 
from said memory controller. 

5. The device as defined in claim 4, wherein said memory 
switch control signal generating part permits said active 
module memory switch, said concurrent write memory 
switch, and said first memory bus switch to be all in the 
enable state, and produces a memory write signal to perform 
concurrent write in the active mode, in case where bit value 
of only the active mode is set and bit values of the rest of 
mode operations are cleared; 

in case where the bit values of only the active mode and 
the standby module read are set and the bit values of the 
rest of mode operations are cleared, permits said active 
module memory switch and said concurrent write 
memory switch to be in the enable state, and performs 
the standby module memory read in the active mode; 

in case where the bit values of only the active mode and 
the memory read are set and the bit values of the rest 
of mode operations are cleared, permits said active 
module memory switch and said first memory bus 
switch to be in the enable state, and executes the 
memory read in the active mode; 

in case where the bit values of only the active mode and 
the standby mode are set and the bit values of the rest 
of mode operations are cleared, permits said active 
module memory switch and said first memory bus 
switch to be in the enable state, and produces the 
memory write signal to perform the memory write in a 
non-duplexing mode; and 

in case where the bit value of only the standby mode is 
cleared and the bit values of the rest of mode operations 
are set, permits said active module memory switch and 
said first memory bus switch to be in the enable state, 
and executes the memory read in the non-duplexing 
mode. 

6. The device as defined in claim 1, wherein said memory 
switch controller within said memory switch part is sepa- 
rable from said memory switches and can be individually 
exchanged with new one. 

***** 
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